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DESCRIPTION 

NOVEL XYLANASE, PROCESS FOR PRODUCING THE SAME, METHOD 
FOR THE TREATMENT OF PULP, 
AND PRODUCTION OF XYLO-OLIGOSACCHARIDES 

Technical Field 

The present invention relates to a novel 
xylanase, a process for producing the same, a 
microorganism producing the enzyme, a method for the 
5 treatment of pulp with the xylanase, and a process for 
producing xylose or xylo-oligosaccharide using the 
enzyme. 

Background Art 

A xylanase is an enzyme which hydrolyzes xylan 

10 or xylan polysaccharides mainly composed of p-l,4-bonded- 
xyloses to yield its constituents, xylose and xylo- 
oligosaccharide. The xylanase is present widely in 
animals and plants. Some microorganisms can also produce 
xylanases. So far investigations regarding xylanase- 

15 producing microorganisms have been made on bacteria, 
actinomycetes, yeasts, molds and the like. 

In these years, keen attention has been brought 
to the use of xylanases in biomass treatment. More 
specifically, xylanases are used in enzymatic breakdown of 

20 agricultural wastes for production of alcoholic fuels, an 
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enzymatic treatment of animal feeds to release free 
sugars, en enzymatic treatment for dissolving pulp In the 
preparation of cellulose and an enzymatic treatment in 
Mobleachln, of pulp. m particular. .ylan«e has been 
5 highly expected In the paper and pulp Industry wherein 
xyleneses are used to enhance the brightness of bleached 
pulp, improve the quality of pulp. decrease the «m,unt o£ 
Chlorine used in the chemical pulp bleaching steps, and to 
increase the freeness of pulp in the recycled paper 
10 process. 

Turning to xylose, this compound is a product o£ 
.ylan hydrolysis by a xylanase and widely used as a raw 
^terlal Of foods and drugs, xylo-ollgosaccharide which 
IS also a product of xylan hydrolysis is expected to be for 
15 use as a sweetener or a moisturizer. 

For the use in the foregoing purposes, it is 
desired to prepare a xylanase suitable for mass production 
from inexpensive raw materials »k. having stability to an 
add, an alkali and/or heat. Up to date, however, such a 
20 xylan.se has not been achieved to meet the above 
requirements . 

Disclosure of Invention 

An object of the present invention is to provide 
a novel xylanase which is thermally stable and acts stably 
25 over a wide pH range, a process for producing the 
xylanase, a microorganism producing the xylanase, a 



PCT/JP94A»II45 

WO 96/02632 

- 3 - 

method for the treatment of pulp with the xylanase, and a 
process for producing xylose or xylo-oligosaccharide 

using the xylanase. 

The present inventor has made extensive 
5 investigations on enzymes and microorganisms suitable for 
the production of a desired xylanase satisfying the 
requirements as stated above. As a result, it has been 
found that a novel microorganism belonging to the genus 
Bacillus can produce a novel xylanase having 
10 physicochemical properties hitherto unknown. The present 

invention has thus been attained. 

Accordingly, a first aspect of the present 

invention is xylanase 1 having the following 

physicochemical properties: 
15 ( 1 ) acts on xylan or a xylan polysaccharide to 

hydrolyze the p.l,4-xylosidic linkages in the 
molecule to yield xylose and xylobiose in a 
large quantity but to yield only in a small 
quantity a xylo-oligosaccharide having a 
20 polymerization degree of at least that of 

xylotriose; 

(2) is active in the pH range of higher than 4.0 and 
lower than 10.0 and has the optimum pH of about 
6.0; 

25 (3) is active in the temperature range up to 90- C 

and has the optimum temperature of about 75 'C; 
( 4 ) has a molecular weight of about 34 , 000 when 
determined by SDS polyacrylamide gel 
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electrophoresis; and, 
( 5 ) has an isoelectric point of about 9.4. 

A second aspect of the present invention is 
xylanase 2 having the following physicochemical 

5 properties: 

( 1 ) acts on xylan or a xylan polysaccharide to 

hydrolyze the p-l,4-xylosidic linkages in the 
molecule to yield xylose and to yield a xylo- 
oligosaccharide in a large quantity? 
10 ( 2 ) is active in the pH range of higher than 2 . 6 and 

lower than 9.6 and has the optimum pH of about 
6.0; 

(3) is active in the temperature range up to 90-C 
and has the optimum temperature of about 65 to 

3^5 about 70 'C; 

( 4 ) has a molecular weight of about 21 , 000 when 
determined by SDS polyacrylaraide gel 
electrophoresis; and, 

( 5 ) has an isoelectric point of about 9.8. 

20 A third aspect of the present invention is a 

process for producing a xylanase 1 or 2 which comprises 
culturing a microorganism belonging to the genus Bacillus 
and recovering the xylanase 1 or 2 from the culture 
medium. 

25 A fourth aspect of the present invention is 

Bacillus sp. SD902 (FERM BP-4508), mutants thereof, or 
variants thereof obtained by genetic engineering. 



10 
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A fifth aspect of the present invention is a 
method for treating pulp which comprises acting a xylanase 
1 or 2. 

A sixth aspect of the present invention is a 
5 method for producing xylose or a xylo-oligosaccharide 
which comprises acting a xylanase 1 or 2- 

Brief Description of Drawings 

Fig. 1 Shows graphs illustrating pH ranges in 
Which xylanase 1 and xylanase 2 are active. 

Fig. 2 Shows graphs illustrating temperature 
ranges in which xylanase 1 and xylanase 2 are active. 

Fig. 3 shows graphs illustrating pH ranges in 
which xylanase 1 and xylanase 2 are stable. 

Fig. 4 shows graphs illustrating temperature 
15 ranges in which xylanase 1 and xylanase 2 are stable. 

Best Mode for Carrying out the Invention 

The microorganisn. used in the present invention 
is bacteria belonging to the genus Bacillu^and capable of 
producing xylanase 1 and xylanase 2. The bacteria are 
20 isolated and obtained, for example, by the following 

procedures • 

Firstly, soil samples collected from various 
places in aapan were cultured in a thermostat at S5'C for 2 
or 3 days on agar medium having compositions shown in 
25 Table 1 below. 
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Table 1 
^^„^r.«Htton of Medium 

Oat Kylan 
Asparagine 
Yeast extract 

Dipotassium hydrogenphosphate 
Magnesium sulfate 
Sodium chloride 
Iron Sulfate 



0.5 % 
0.1 % 
0.1 % 
0.05 % 
0.02 % 
0.02 % 
0.002% 



Bacteria colonies around which clear plaque 
e., hollow) appeared were isolated. Then, the strains 
Obtained from the respective bacterial colonies were 
cultured for 2 days, respectively, in liguid media having 
5 compositions shown in Table 2 below, each of which was 
Charged in a thermostat shaker at 55-C. 
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Table 2 
Composition of Medium 

1.0 % 

Birch xylan 



Polypeptone 
Yeast extract 

Dipotassium hydrogenphosphate 
Magnesium sulfate 
Sodium chloride 
Iron Sulfate 



1.0 % 
0.1 % 
0.5 % 
0.05 % 
0.05 % 
0.002 % 



A xylanase activity of the culture broth was 
determined by the following method to select a strain 
showing a potent activity. 

The xylanase activity was determined as 
5 follows. An enzyme solution, 0.2 ml, was mixed with 0.8 ml 
of O.IM phosphate buffer (pH 7.0) containing as substrate 
1.25% birch xylan (xylan derived from birch) followed by 
reacting them at 50-C for 10 minutes. The reducing sugars 
formed were determined by the 3, 5-dinltrosalicylate 
10 method. The xylanase activity described hereinafter was 
also determined as described above. One unit (U) is 
defined as the amount of enzyme that produces 1 ^mol of 
xylose in one minute- 
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one of the strains thus isolated and purified 
Baciiius sp. identified as descrihed hereinafte^. 

strain thus isolated, selected and purified 

po the hacterioIo.ical properties as described 

. hereinafter, and has thus heen identified as helon,in. to 
^e ,enus Bacmus. This strain .as called Bacillus sp. 
SD902 and .as deposited with National Institute of 
Bioscience . »u^-Technolo„ of Industrial Science and 
.echnoloov , XharaKi-Ken. .apan, on oece^her 2.. 1.9. and 
,0 received PEPM .-1335S as an accession nu^r. Then, the 

.= fransferred into an international 
deposition .as transferre 

aeposition under the Budapest Treaty on Dece^r 22. 1993. 
and received FBB« BP-4508 as an accession nu^r. 

The thus Obtained strain. Bacillus sp. SD902. 
,5 .as ^o^ at 55-C and its hacteriolcical properties .ere 
e,a»ined according to the procedures described in The 
oenus Bacillus ,1973, and Sergey s «anual of Systaltic 
Bacteriology (1984). 
(1) r^rrn^^^"^^^^ characterlgtics 

Shape ana size of cell: a shape of rod, size of 
approximately 0.4-0.8 pm x 1.5-3.0 pm 
Polymorphism: none 
Mobility: mobile 

spore formation: spore formed, a shape of 
ellipse, central to subterminal location, a 
size of spore of approximately 0.5-0.8 pm x O.B- 
1.3 pm 

( e ) Gram staining : positive 



20 



(a) 

(b) 
(c) 
(d) 



25 
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(2) culturaj^row^ ^ the following media 

(a) Bouillon-agar plate culture: 

It forms a yellowish white translucent circular 

colony with a flat surface. 
5 (b) Bouillon-agar slant culture: 
It grows spreading 

(c) Bouillon liquid culture: 

Turbid 

(d) Bouillon-gelatin stab culture: not liquefied 

10 (e) Litmus milk: 

Neither coagulated nor peptonized. 

(3) Physiologic al properties 

(a) Nitrate reduction: negative 

(b) VP test: negative 
15 (c) VP broth pH: 5.9 

(d) indole production: negative 

(e) Hydrogen sulfide production: negative 

(f ) Starch hydrolysis: positive 

(g) Pigment production: No pigment is produced. 
20 (h) Catalase production: positive 

(i) oxidase production: positive 
(k) Range of growth conditions: 

It grows in a neutral pH range (pH of 6 to 8) and 
at a temperature of from 25 to 60-C but does not grow at 
25 65''C. 

(1) Behavior toward oxygen: obligate aerobic 
(m) Denitrification reaction: negative 
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. on of inorganic nitrogen sources: 
<n) Utilization of inory 

. -=n-<i hut no nitrates. 
It utilizes aromoniuin salts but no 

(o) urease: negative 

* ^-s-t-Tlc acid: negative 
(p) utilization of citric aci 

is used. 

(r) Resistance to salt: 

It grows in a NaCl concentration of 2.0%. 



15 



20 



25 



sugars : 

1) L-arabinose 

2) D-xylose 

3) D-glucose 

4) D-mannose 

5) D-fructose 

6) D-galactose 

7) maltose 

8) sucrose 

9) lactose 

10) trehalose 

11) D-sorbitol 

12) D-mann±tol 

13) inositol 

14) glycerine 

15) starch 



+ 
+ 
+ 
+ 



+ 

+ 

+ 

+ 

+ 
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Based on the foregoing bacteriological 
properties, taxono^ical search was made on the strain 
SD902 according to Bergey's Manual of Systematic 
Bacteriology (1984). Thus, it is considered that this 
5 strain belongs to the genus Bacilli^ in view of aerobic, 
gram-positive rods that form spore. 

Further in view of the fact that the strain 
grows at temperatures above 55-C, it is considered that 
the strain is akin to B. Bt.earothermophilus, B. 
10 schelegelii, B. acidocaldar^ 

T". n brevis etc. However, the properties of 
B. coagulans, B. brevis, 

;„erobic growth, VP test, VP broth pH «>d growth 
te,««r.ture r««. shown m T*le 3 below reveal that 
strain SD902 has bacteriological properties alssl^lar to 
15 any of these Known standard bacteria belonging to the 

genus Bacillus. 

Therefore, it is concluded based on the current 

taxonomy that the strain SD902 should be considered to be 

a new strain belonging to the genus Bacillus. 
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The microorganism used in the present invention 
is not limited to the efore»ntioned strain Sr902 and any 
strain «.y be used so far as it ha, «. ability of producing 
a .ylanase having the properties described hereinbelow. 
5 The strain Bacillus sp. SD902 may include its spontaneous 
and artificial mutants, and genetically engineered 
variants. 

Artificial mutants of Bacillus sp. SD902 can be 
Obtained by a conventional method. For e.ample, an 
10 original strain is subjected to artificial mutation 
treatment such as irradiation with ultraviolet rays or 
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treat«nt with a chemical, e.g.. N-^thyl-N' -nltro-»- 
nltrosoguanldine (NTG, and then planted on an agar «edi» 
containing Oat :.ylan and cultivated to grow colonies. The 
colonies are isolated. «>d are then cultivated on a 
5 conventional medium for xylanase production, and the 
resulting xyl«>.se is checked for identify. Thus, a 
strain having the most e»:ellent productivity for the 
objective xylanase can be screened. 

Mso. genetically engineered strains can be 
10 Obtained by a conventional method. For example, . 

presumption on DNA base sequence of the chromosome of the 
original strain is m-Je based on amino acid se-juence of 
xyl««se produced by the original strain, and a 
Characteristic portion of the presumed DNA base sequence 
15 is synthesized. Then, phosphorus atoms in the phosphoric 
add groups in the sequence are labelled with 
radioisotope "P. On the other h«»J. the entire 
Chromosomal DNA is extracted from the original strain and 
digested with a suitable restriction enzyme to obtain DNA 
20 fragments, which are then subdected to Southern 

nybridlxatlon method to allow the chro»o«»«l fragments to 
hybridize with the synthetic DNA. Thus. . chromosomal 
fragment which hybridizes with the synthetic DNA is 
screened . 

25 The chromosomal fragment thus obtained is 

incorporated in a suitable vector and introduced in a 
xylanase non-producing strain and production of xylanase 
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.^rmed is introduced in the original straxn 

productivity has been improved. 

The strain. Bacillus sp. SD902. produces 
^.anase 1 and ^l««se . which are novel «rl»>«e3. For 

,0 containing .Ian. .east extract and POl^pep^e as 

^,„r exponents and incuhated at eS-C .or 1 t^3^,s. 
^ cultured ^iu» i= centri.u,ed to re^ - o,^ 
.^luhle-etters. resulting culture supem^»nt .s 

subjected to seltin,-out with sulfate, ion 

_ ™.i filtration chromatography 
15 exchange chromatography, gel tiltra 

.theliKe in a conventional manner to isolate and/or 

:;:;:ieland.lanasa..xylan3sela..-- 
r^he isolated from each other hy. e.g.. dialy.ing the 
rLpitates obtained after salting-out with a^um 
,0 sulfate, then purifying the dialysate hy anionic ion 
„0.»^ Chromatography and cationic ion exchange 
.^omatography and finally hy gel filtration 

chromatography. 

Physicochemical properties of xylanase 1 

,l> Activity and substrate specificity: 

" The en.y.« acts on xylanor.ylanpolysacchar.de 

hydroly.es the ,-l..-.ylosidic linages in the 
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o^olecule to yield xylose and xylobiose in large quantities 
but yield only in a small quantity xylo-oligosaccharides 
having a polymerization degree of at least that of 
xylotriose. xylanase 1 does not have any substantial 

5 avicelase activity for degrading crystalline cellulose or 
any substantial CMCase activity for breakdown of 
carboxymethyl cellulose. 
(2) Acting pH and the optimum pH: 

When the xylanase activity is determined at 60-C 

10 using acetate buffer or borate buffer having various pH 

values of from 2.5 to 10.0, xylanase 1 acts in the pH range 
of higher than 4.0 and lower than 10.0 and has the optimum 
pH at about 6.0, as shown in Fig. l. The enzyme shows more 
than 70% activity of the maximum activity in the pH range 

15 of about 4.7 to about 8.0, as shown in Fig. 1. 

(3) Acting temperature and the optimum temperature: 

When the xylanase activity is determined at 
various temperatures ranging from 30-C to 90-C using 
phosphate buffer (pH 7.0), xylanase 1 acts in the 
20 temperature range up to 90-C and has the optimum 
temperature at about 75-C, as shown in Fig. 2. 

(4) pH stability: 

When the xylanase activity is determined after 

maintaining at 40-C for 48 hours in acetate buffer, 
25 phosphate buffer or borate buffer having various pH values 
in the range of 3.2 to 9.9, the enzyme retains more than 
95% of the activity in the pH range of 5.0 to 9.9, as shown 
in Fig. 3- 
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(5) Thermal stabili^*- 

vmen the xylanase activity is determined after 

. ,1- 60-C for 24 hours in phosphate buffer (pH 
maintaining at 60 C tor ^. as 

r-*.tains more than 90% of the activity, as 
7.0), the enzyme retains mor 

5 shown in Fig- 4. 

(6) Molecular weight: 

^ ^lecular is 34.000 on 

SDS polyacryX«.lde gel el«=tropho«sis. 

(7) isoelectric point: 

The enzyme has the i,cel«=tri= poinl: at pB of 

about 9.4. 

Physicoche«i«l properties of xylanase 2 
.^rdln, to the present Invention are Xlste. helo,. 
,1, Activity and substrate specificity. 

The en«-e acts on xylan or .ylan polysacchariae 

^ .yarolyxes the ,-i.4-Kyiosi*ic linkages in the 
^lecule to Vleia xylose and also yield in a large 
.^antity „lo-ollgo.acoharid^ such as ^lohiose. 
^lc«iose. ^.ylotetraose. etc. Xylanase . does not have 
,0 ^y suhstantlal avicelase «=tivlty for degrading 

.^stalline cellulose or any suhstantlal »Case activity 
for breakdo«. of carbo«»ethyl cellulose. 
(2) Acting pH and the opti.u« PH= 

^ Its xylanase activity is determined at 60 

«.^« buffer or borate buffer having various pH 
9S using acetate Duttei^ uj- 

„ Js Of fro. 2.e to ..e. xylanase 2 acts in the pH range 
Of higher than 2.6 ^ lower than 9.6 and has the opti-u. 
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. .6 0 The enzyme shows more than 70% activity 
pH at about 6.0. Tne w z 

.-Mvitv in the pH range of about 5.0 to 
of the maximum activxty in 

about 7.7. 

,3, Acting temperature »^ the opti«» te^ature: 
. m,en the «yl»nase activity Is deteriined at 

«.loue t»^r.t„res ranging frc 30-C to 90-C using 
phosphate huffer ,pH 7.0). ^lanase 2 acts In the 

^ i-o 90'C and has the optimum 
temperature range up to 90 u anu 

temperature at about 65-C to 70-C. 

10 (4) stability: 

„hen the nylanase activity Is determined after 
maintaining at «.C for « hours in acetate huKer. 

Phosphate huf far or horate buffer having various pH values 
.„ the range of 3.2 to the enzyme retains more than 
15 ,5% of the activity in the PH range Of 4.0 to 9.0. 

(5) Thermal stability: 

„hen the xylanase «:tlvlty Is determined after 
^.ntamlng at 60-C for 2. hours In phosphate huffer ,pH 
,.0,, the enzyme retains .«re than 70% of the activity. 
20 (6) Molecular weight: 

The molecular .eight Is ahout 21.000 hased on 
SDS polyacrylamide gel electrophoresis. 
(7) isoelectric point: 

The enzyme has the Isoelectric point at pH of 

25 about 9.8. 

xylanase 1 or xylanase 2 can be produced by 

culturlng BaEiii- ^"^^ " , 

variants thereof by g««tlc engineering, and recovering 
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1 or jtvlanase 2 from the culture 
the produced xylanase 1 or xyiana 

For culturing, conventional methods of 
eulturln. hacter.a ma. he used and t^ical examples^ 
. .^cludeli^i. culture and soUd culture, -on. o^ers, 
aerohic liquid culture is pref erahle from an economic 
:Lpoint. Hepresentative examples Of such cultu^n. are 

aerial spinner culturin. and shaKe culturin. under 

aerobic conditions- 

liferate As c«bon sources, carbonaceous 

a.s^..- -r ^ - 

same may oolysaccharides such 

o starch or starch hydrolysates such as 
straws; glucose, starch or 

U<.efied starch; sugars such as molasses, solely 

admixture thereof. „4i-roaen 
.s n.«o,en sources, there »V be used nltro,^ 

ccpoun. .ne. c«> be ass^^la- or «.se oo«a.„.. - 

there may be used, singly or in 
-aaie; for example, there mojr 

Iblna^on. or..Mc .„o,en.co«a.n.n. «»pou».s sucb 
„ various «.ino acids, com steep U^or, »aXtose 
.3 "tract peptone, soybean powders and defatted soybean 
' and. nor^anicnitrcen expounds sucb as a^n.- 

salts, e.,.. a««=niu» chloride and a^niu» sulfate. 
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Media may also appropriately contain other 
additives, if necessary, such as various organic and 
inorganic materials required for growth of the bacteria 
and for production of the enzymes, or compounds containing 
5 these materials, e.g., salts such as phosphates, magnesium 
salts, calcium salts and manganese salts; vitamins, yeast 

extract, ana the like. 

The te.per.ture for Incubation may generally be 
in the r««e o£ 10 to 70-C. and preferably In the range of 
10 25 to eo-C, .ore preferably in the range of 35 to 55-C. for 
the strain sp. SD902. The pH for Incubation «.y generally 
be m the range of 4 to 10 throughout the «.tlre phase of 
incubation but preferably In th. rang, of 6 to 8 for the 
strain sp. SD902. The tl.ne period for Incubation is 
15 generally for 10 to 120 hours. The incubation is stopped 
,t the ti.« "hen the amount of xylanases ac=u«.lat«3 
^ches the m«i.um. For the strain sp. S0902, the ti« 
period f rc» 20 to 80 hours Is preferabl. particularly fro. 

an economic aspect. 

After co.pletlon of the Incubation, xylanase 1 
or xylanase 2 can be recovered fro. the culture broth in a 
conv».tlon.l manner. That is, the culture broth is 
appropriately subjected to conventional operations 
selected fro. precise filtration such as filter press 
25 filtration, membrane filtration, centrifugation, ^monium 
sulfate precipitation, concentration through membrane, 
drying, etc. to remove unnecessary matters from the 
culture broth. Then xylanase 1 or xylanase 2 can be 



20 
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^..e. as «e -Xu«on ox in tKe c. 

,™aers. Fcr exa„ple. «.e i" the culture broth are 

Ilvea . centr.u.at.o„. ..a result., supernatant^ 

^ „ is Alternatively, the supernatant may be 
be used as it is- ^ « 

S ailute. or concentrate, appropriately, or aaaea «ltb a 
3t.blU.er ana the resulting solution ^ ^ usea as the 

e„^ solution. Further alternatively, the en.y« is 
enziyt"^ ammonium 
preclpltatea £ro» the supernatant .1th. e.g.. 

sulfate ana the precipitates are f llterea In a 

• , ™nner to obtain the enryme. The 
10 conventional manner to " 

o^talnea en^ •« aialysea overnight ^ the 
aialysate is appliea to various Ion exch«>ge 
^omatographles or gel filtration chromatography in a 
conventional manner to obtain :.yl«»=e 1 or .ylanase 

xylanase 1 ana xylanase 2 of the present 
.„«ntion ao not substantially possess the cellulase 
activity for hyarolyzing cellulose as the major 
c<,nstltuent of pulp. Accoralngly. these enzymes are 
suitable to enhance the brightness of pulp. to «pr^e the 
.0 guality of paper, to aecrease the amount of ohe^cal 

.^h as chlorine used in the pulp 
bleaching agents such as chiori 

.leaching stages, ana to treat pulp for other purposes. 
.«hout inauclng ^ aamage of cellulose in pulp. 

«here xylanase 1 or «l»»se 2 is usea for these 

,5 pulp treatments, pulp Is treatea with the enzyme in the 
lit Of 0.01 to 10. U^garypulp. preferably 0.0. to 10 

U/g dry pulp. 
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in the pulp «e.a«nt: accordina to the present 
invention, oonditions of the enzymes for treating pulp, 
such as temperature. pH. pressure, ti^ perloa. etc.. 
he sultahly chosen so that the desired enzymatic action is 
5 ezhihlted to achieve the desired effects such as 
ert«ncement of the brightness. For example, the 
t«.perature may be In the range of 10 to SO-C. preferably 
40 to 70-C. The pH may be in the range of 3 to 10, 
preferably 4 to 9. more preferably 5 to 8. 
10 The pressure may be applied under such a 

pressure conventionally used for pulp bleaching or other 
ordinary pulp treating steps, there is no particular 
restriction but normal pressure is preferably from an 
economic standpoint. The time period for the treatments 
15 may be In the range of 10 minutes to 50 hours, preferably 1 
to 24 hours, more preferably 1 to 5 hours. 

is will be shown below in the Esamples. when 
unbleached Kraft pulp from broadleaf trees is treated with 
500 »/Rg dry pulp of Kylanase derived from Ba=iiiH5 'P- 
20 SD902. the lignin contained in the pulp is removed in 
large amounts by the treatment in . relatively short 
period of time. Furthermore. In the case where it is 
desired to enhance the brightness, the amount of a 
Chemical bleaching agent used after the ««ymatic 
25 treatment can be greatly reduced, it is considered that 
the pulp treatment of the present invention which provides 
the effects described above is sufficient as a substitute 
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UcabXe to a wide range of pulP aerivea fro. a 
r nee..e..ea. tree c. a ^-..ee 

, „tiner grounawood pulp. ««r«o- 

XO of lignin regained in puip 

— sucn as ennance^^ o^.^ ^ 

. <=^ci .leac^™ ""^:,rj3PPXi.a to .leac^n, 
.He present invention ^ ^ - ^ ^ 
etepsoft.esepuipsbyo.ygenortHeUKe,P 

after the bleaching. 

treatment using the 
Following the pulp treaxm 

an extraction may also 
^.anases o. the present mention an^ 
be carriea out to effectively remove the Ixgn^ 

.ibie to be dissolved out of the pulp. The 
,0 or susceptible t^ ^^^^^ ^^^^^ 

extraction may be perf o ^^^^^^^^^ 
xn this case, typical conditions , 

v,»«» a oulP concentration of 0.3 to 
set forth to have a pulp ^^5, ^ased on the 

.Odium hydroxide concentration of 0.5 to 

.„bt of dry pulp, a temperature range of 40 
25 weight of dry P preferably for 1 

^•i«fj for 30 minutes to 3 hours, y 
a time perxod tor ow 



to 2 hours. 
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After pulp is treated according to the method of 
the present invention, a chemical bleaching agent may also 
^ used to further enhance the brightness of the pulp. In 
..is case, even if the amount of the chemical bleaching 
5 agent is greatly decreased as compared to the case of 
.leaching pulp only with the chemical bleaching agent, a 
.etter brightness can be obtained. Where chlorine dioxide 
is used as a chemical bleaching agent, its amount can be 
reduced by 23% to 43% or even more. 
,0 When paper is made from the pulp so treated 

according to the method of the present invention, it has 
.een found that the paper has excellent properties such as 
a lower content of chlorinated phenol compounds, as 
compared to paper prepared from conventional bleached 
X5 pulp. It is considered to be because xylan, which is one 
of the hemicellulose components in pulp, would be 

^ K« i-he treatment with the xylanase 
efficiently removed by the treaxraei 

activity. However, the details of the 
having no cellulase acxiviT.y. 

mechanism are yet unknown. 
20 The present invention also provides a method for 

producing xylose or xylo-oligosaccharides such as 
.ylobiose, xylotriose, xylotetraose and the liKe which 
comprises acting xylanase 1 or xylanase 2 on xylan or 
xylan polysaccharides. 
25 According to the method of the present 

or- xvlo-oligosaccharides may be 
invention, xylose or xyio uj. y 

produced using xylan.se 1 or :<ylenase 2, under such 
conditions thet the enzyme retains the Kylan.se activity. 
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^«<-,.re for the treatment is in the 
For example, the temperature 

„nge of ahout 10 to ahout 80-C, preferably 40 to 70 C, the 

^ent is in the range of 3 to 10, preferably 
pH for the treatment is in 

I .o .ore preferably 5 to 8. The reaction txme xs set 
S .o such a perioa that the enzyme acts on .ylan or ^lan 
....saccharides, .or example, in the range of 10 minute 

preferably 1 to 10 hours, more preferably 1 to 
to 24 hours, preferaoxy * 

3 hours. J 

« the xylan or xylan poXysacchariaes used to 

,0 produce ^.ose ot ^Xo.oU«oeec=.ar.des ,.0^ ^ ^ 
Usent invention, there - — 
e , rice strews. h.,»sse. wheat hran. com coh. «.od3. 
„:^XanspreviousX..so.at.athere.rc. These «X». or 
^.an polysaccharides he used in a conceatration of 
15 0.1 to 50%, preferehly 0.5 to 30* in weight. 

xylanase 1 and xylanase 2 ot the present 
invention do not suhstantialiy possess ^ ceiiulase 
activity Which hydrolyzee cellulose. Accordingly, in the 
case of producing ^lose or .ylo-oligosaccharides. the 

„ .„ the range of 0.01 to 1000 U/g dry sylan, 
20 enzyme is used in the range 

preferably 0.05 to 10 U/g dry xylan. 

The present invention is described in «.re 
aetail by referring to the examples. However, these 
examples are merely illustratively shown but the present 
25 invention is not deemed to be limited the examples. 



Example 1 



in a 5-liter volume jar fermenter was charged 2 
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liters U<n.ia «ediu- (PH 7.0) ceased of 1.0% birch 
^XB^. 0.1% ye.=t extract. 1.0% polypeptcne, 0.5% 
aipctassi^ hydrogenphosphete. 0.05% ^9»siu. sulfate. 
0 002% iron sulfate and 0.05% sodlu. chloride, which was 
5 then sterilized at 121-C for 20 minutes. The cells of 
Bacillus sp. SD,02 cultured In 100 »1 of the sa« »edlu« 
;:;n;:culated on the ll^id ^lu. follo-ed by aerobic 
stirred culturln, at 55-0 for 48 hours with stirring at a 
stirring speed of 1000 rp» In an aerial a^t of 1 
10 llter/»ln. Mter the Incubation, the culture broth was 
centrlfuged at 6000 rpm to remove the cells. 

,«onlu» sulfate -as then added to 700 .a of the 
resulting supernatant to reach the 60% saturation for 
saltmg-out. The enzyme precipitates obtained by the 
15 saltlng-out were dissolved In 50 phosphate buffer (pH 
7 0) The solution was dlalysed overnight. After the 
dialysis, the enzyme solution was applied to anionic Ion 
exchange chromatography (DEAE-Celluloflne. manufactured 

, „ V ir 1 The fraction passed through was 
by Selkagaku Kogyo K.K. ) . Tne ir= 

to cationlc Ion exchange chromatography (CM- 
20 then applied to cations 

celluloflne. manufactured by SelKagaRu Kogyo K.K. ). 
Thereafter elution was performed at a linear gradient of 
1000 ml sodium chloride of 0 to 0.6 M to fractionate by 7 
„1 each. The fraction at which the xylan.se activity was 
25 noted was collected ^ concentrated by ultra-fUtratlon. 

10 ml was taken and purified by gel 
From the concentrate, 10 mi was 

filtration chromatography (Toyo Pearl HW55S. manufactured 
by Toso CO. . «d. , using 5 ^ phosphate buffer ,pH 7.0, as 
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. W810 U) was Obtained as the fraction 
an eluent. Xylanase 1 (810 ^^^^^^^^ 
eiuted earlier and xylanase 2 (1150 

eluted later. 

, „lan (manufactured 

TO 0.5 wt% solution of birch w 
' . ,.0502, was aaded :.ylanase X Obtained in a 

^ Sigma ino. . X 0 ,ylan. 

^ — " rn Vo tbe ..ture was beated to .0- 
.„er p» -as adjusted ^ 6^ 

C to cause tbe reaction^- ,«er tbe reaction .as 
,0 «.s monitored up to 24 bcurs. ^ 
dieted, tbe reaction »i.ture 
^utes. tbe reaction mixture wee ^"^^'^ 

. «4 ^-Mtes The reaction product was 
the enzyme precipitates. performance 

w *HSn laver chromatography and high p 
analyzed by thin layer c 

nK iiauid chromatography. 

' ..e analysis Of tbe product b, tbin lever 

»as performed as follows. The reaction 
^atograpby was per ^^^^^^ ^^^^^^ 

product was developed on «>in , ^ ^ 

manufactured by MercK Co. . wi 

--^-•-\:::::er:rr:^^c acid was 

rrrrrult:fanal.is..eproductionof.lose 

was noted from the beginning of the 
and xylobiose was noted xylose and 

At the later stage of the reaction, xylo 
25 reaction. At the ia 

^nriuced were markedly increased, 
xylobiose producea wbj. 
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The analysis of the reaction product by high 
performance li.,uid chromatography -as performed as 
colics. The reaction product .as applied to Shodex 
XonpaK s-eoi .manufactured hy Showa DenKo K.K. , as a gel 

S filtration column for sugars, which .as eluted with water 
^or Chromatographic trea»ent. The eluted component was 
detected with a differential refractometer. The analysis 
Of the product ohtained after the reaction for 24 hours 
„veal= that 22% ,./.) -yXose «^ «* (./.) xylobiose were 

10 produced based on the starting birch xylan. 

E xample 3 

The reaction and analysis were conducted in a 

^ Similar to Example 2. except that 200 0/g xylan of 
„lanase 2 obtained in a manner similar to Example 1 was 
15 edded to 0.5 .t* solution of birch xylan (manufactured by 
Sigma. X-0502,. « the result of analysis, the production 

^lose and xylobiose was noted f rc» the beginning of 
^ reaction. At the lat^ stage of the reaction, xylose 
^^lobiose produced were markedly increased. The 

.0 analysis of the product obtained after the reaction for 
hours reveals that 8% ../.) xylose. 34* (w/w) xylobiose 
and 7% (w/.) xylo-oligosaccharides having a 
^l^i«tion degree of at least that of xylotriose were 
produced based on the starting birch xylan. 
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cux.ure .ro» o. Bacmus aP- SD'02 Ctalnea in a 

Il..ua..oB.»..e.«.saaaea.osoc«<=o.aaan, 

, rp.o.»oa-e.veaun..eac.ea.««puxp=.u.r,^v.n.a 

^ Of 100. 500 or 1000 U/Rg dry pulp, m the 

the PH was adjusted » 6. The pulp 
enzymatic treatment, tne p 

^.urry was heated at eO-C .or an hour or .or 3 h».rs . 

XO After filtering, the pulp , =^ed with 2- to 3-foia 

„t Of water. Thereafter water was added to the pulp so 
amount or wa-cei - *.^o^-^nT^ 
^ mi^ture was ohtained to have a pulp conoentrati^ 

.0 wt* and to contain sodium hydroxide corresponding to 
, 3 wt* hased on the weight of dry pulp. The mixture was 
extracted at eO-C for an hour followed hy washing the pulp 

with water. 

^ enzyme-free sample was prepared in a manner 
3imilar to the ehove e«.Pt that no enzyme - ---J^ 
effect of the enzymatic treatment was compared with the 
.0 sample. The .app. numher used as an index of lignin 

-^/i according to the Japanese 
content was determined accorai g 

.^^trial Standards «S PB.ll. The Kappa num^r^ t- 
ehtained hy the treatments are shown in Tahl The 
^ight Of dry PUIP after the enzymatic treatment for 
25 hours showed 49 g. 
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Table 4 



Time for 
Enzymatic 
Treatment 

1 
1 
1 
1 
3 
3 
3 
3 



Amount of Enzyme 




tU/ka pulp) 


Kanoa Number 


0 


12.5 


100 


10.7 


500 


10-2 


1000 


10.0 


0 


12.5 


100 


10.5 


500 


10.1 


1000 


10.0 



Example 5 

The enzymatic treatment and extraction with 
soaium hyaroKide were carried out in a manner similar to 
B«mpie . except for using 500 g (50 g as dry pulp) of 

5 needle-leaved unbleached Rraf t pulp slurry having a pulp 

concentration of 10 «»• « en.y»e-free sampl Lo 

prepared in a manner similar to Example The Kappa 
numbers of the pulp ohtained hy these treatments are sho». 
in Table 5. The weight of dry pulp after the enzymatic 

10 treatment for 24 hours showed 49 g. 
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Table 5 



Time for 

Enzymatic 

Tr ea'tmen t 

1 
1 
1 
1 
3 
3 
3 
3 



Amount of Enzyme 
fU/kq pulPl 



Kappa 



Number 



0 


21.8 


100 


19.8 


500 


19.6 


1000 


19.5 


0 


21.8 


100 


19.6 


500 


19.5 


1000 


19.4 



Chlorine dioxxae w „^^«i,ion 

4«r. a nulP concentration 
w ^ vraf t pulp slurry having a puJ-P 

" " I L bleacM"^. the ^«ture -as 

5 ,0-C for an houl. „^ „,«r. Then w.«r «a= 

^ 2- to 3-«old anount oJ water 
„aenea with 2 to ^ ^^^^ 

^ " '" J 10 wt, ana soaiu. hyaro^Ue corresponaing 
"""" "n the weight o.ar,puXp was aaaea. The 

^°'-^"^*i:r:trateo.C.oranho.ranat.p..P- 

3.5. 
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water was added to the thus obtained pulp 
extracted with sodium hydroxide (Rappa number of 3.5) so 
that the mixture was made to have a pulp concentration of 

*o-tT, IB 9 ka of chlorine dloxide/t dry 
10 wt% and to contain IB.S Kg oi 

w 4— a.*- 70 "C for 3 hours and the 
5 pulp. The mirture was heated at 70 C lor J 

pulp were then washed with 2- or 3-fold amount of water. 
The pulp was dried and the hleached pulp had the Hunter 
hrightness of 90,. The Hunter brightness was determined 
hy the Japanese Industrial standards .IS P8123. The total 
10 amount of chlorine dioxide used in the two-stage hleaching 
was 31.4 kg/t dry pulp. 

Example 6 

The enxv-e-contalning supernatant prepared from 

«,e culture hroth of HEiiiHS =P- ^'"^ '^'"^ ' 
15 manner similar to Example 1 «.s added to 500 g (50 g as dry 
pulp, of hro«ileaved unhleached Icraft pulp slurry having a 
pulp oonoentration of 10 «t*. as the xylenase activity, in 
an amount of 500 U/kg dry pulp, m the enzymatic 
treatment, the pH was adjusted to 6. The pulp slurry was 
.0 heated at 60-C for 3 hours. After filtering, the pulp was 
washed With 2- to 3-fold amount of water. Thereafter 
water was added to the pulp so that the mixture was made to 
have a pulp concentration of 10 «t% and to contain 10.2 Kg 
Of chlorine dioxide/t dry pulp. The mixture was heated at 

„ h™.v The pulp was then washed with 2- or 3- 

25 70 *C for an hour, me y^j^f 

, water was then added to the pulp so 

fold amount of water, water wa 
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. pulp concentration of 10 wt% and 
,.at the .ixtur. ha. PulP ^ ^ 

soal« nyaroxlde oorrespondxnB to 1.3 «t 

«el«Ht o. ary PUXP was added. The .l«u« was extra ed 

5 The kappa n>Mber of the pulp was 3.5. 

water was added to the thus ohtalned pulp CKappa 
„„^r Of 3.. en^^e-treated. chlorine 
^ then sodlu- hvaroxlde-axtracted so that t^ ~^-e 
„as»de to have a pulp concentration Of 10 wt^a^ to 

10 contain 7.7 Of Chlorine aioxlde/tdrvpulp. 

„l«„re was heated at 70-0 for 3 hours and the pulp -as 

: dried and the hleached pulp had the Hunter hrl.«.e. 
,„,. .he total a^unt of chlorine dioxide used .n ^ 

. 17 9 kg/t dry pulp. The amount of 

IS two stage bleaching was 17.9 Kg/ 

\, less by 43% than Comparative 
chlorine dioxide used was less by 

Example 1 where no enzyme was used. 
Exa mple 7 

— , w4-o^r.f»d In a manner similar xo 

Xylanase 1 obtained in a m 

^0 Exa^lel«asaddedto 500 g(50g.= ar,pulp.of 

.roalleaved unhleached «af t pulp slurr, havln, a pulp 
:i„tratlon of .0 .n an a^t of .00 0., d. Pu. 
the .lanase activity. Xn the en.,«atlc treat^ - 

. 6 The pulp slurry was heated at 60 C 
pH was adjusted to 6. The p P „ith 2- 

After filtering, the pulp was washed wxth 
25 for 3 hours. After liJ- » 

of water. Thereafter water was added to 
to 3- fold amount of warer. 

, .o that the mixture was made to have a pulp 
the pulp so ttiax 
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concentration of XO to contain 10.1 Kg of chlorine 

aio,iae/t ary pulp. The ^.ture was heated at 7<,-C for an 
The pulp was then washed with 2- or 3-fold .«.unt of 
water. Water was then added to the pulp so that the 
5 ^xture had . pulp concentration of 10 wt% and sodiu™ 
hydroxide corresponding to 1.3 wt» based on the weight of 
ary pulp was added. The ei.ture was extracted at 60-C for 
an hour and the pulp was then washed with water. The kapp. 

number of the pulp was 3.5. 
10 water was added to the thus obtained pulp (kappa 

number of 3.5, enzyme-treated, chlorine dioxide-treated 
^ then sodium hydroxide-extracted so that the mixture 
™s made to have a pulp concentration of 10 wt, and to 
contain 7.7 kg of chlorine dioxide/t dry pulp. The 
X5 mixture «.s heated at 70-C for 3 hours and the pulp was 
««n washed with 2- or 3-fold amount of water. The pulp 
was dried and the bleached pulp had the Hunter brightness 
Of ,0%. The total amount of chlorine dioxide used in the 
two stage bleaching was 17.3 kg/t dry pulp. The amount of 
20 Chlorine dioxide used was less by 43% than Comparative 
Example 1 where no enryne was used. 

Example B 

Xylanase 2 obtained in a manner similar to 
Example 1 was added to 500 g (50 g as dry pulp) of 
25 broadleaved unbleached kraft pulp slurry having a pulp 
concentration of 10 wt,. in an amount of 500 U/kg dry pulp 
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. activity. The pulp slurry was heated at 

as the xylanase activity 

After filtering, the pulp was washed 
60 'C for 3 hours. After ixj. 

, concen««.o. o. .0 ^ » contain U.3 o. 

i« The mixture was heated at 
chlorine dioxide/t dry pulp. The mixt 

Hour The pulp was then washed with 2- or 3 
70»C for an hour, me f , „ 

e^oun. o. wa«r. W«e. was «>en ,«ea « «.e puXp so 
..e ».xture ... a puXp concen«a..on o. XO an. 

^4^ry f-n 1 3 wt% based on the 
10 sodium hydroxide corresponding to 1.3 wt 

. mK-=. mixture was extracted at 
.eight of ary pulp was ~Jaed. The »i«ure w. 

^ ^h. DUlD was then washed with water. 
60'C for an hour ana the pulp was 

The kappa number of the pulp was 3.5. 

water was aaaea to the thus Chtalnea pulp . kappa 

nu^her of 3.5, en^-treatea. ohlorlne 
end then sodlu. h,dro.iae-».tractea so that the fixture 
.as made to have a pulp concentration of 10 wt% ana to 
contain 12.9 kg of chlorine aio.iae/t dr, pulp. The 

H,..tea at 70-c for 3 hours and the pulp was 
mixture was heatea 31:/^ 
,0 In washed with.- or 3-folda^t Of .at«. The pulp 
es dried ana the .leached PUIP had the Hunter hrl^htn^s 

o. ,0». The total amount of chlorine dlclde used In 

stage hleachln, was U.2 Ka/t drv pulp. The amount of 

J „a« less by 23% than Comparative 
chlorine dioxide used was less hy 

25 Example 1 Where no enzyme was used. 
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^ culture .rot. of HSiii- ^P- S0'02 o«alne. in . 
Ta^r Similar to .,«.Xe . was a.aea to SOO . .=0 , a= ar, 
3 puxp, o. .roaaleavaa un.Xea=Hea Kra« puXp slurry .avln, a 
oonoentration o. XO as t.a »lana=e aotXvlt,. Xn 
.„ a«.unt Of SOO »/Kg ar, pulp. In «« en,y»atXo 
reat^ent. «.e pH waa aa.ustea to a. PuXP sXurrv 
...tea at .O-C .or 3 .ours. .«er .UterXn,. t.e pulp .as 
.0 ..Shea .it. 2- to 3-.oia amount of »ter. — 

.et.r .as aaaea to t.e puip so t.at t.e .i«ure .as ^ae to 
.eve e puXp oonoentration o. XO .t* ana to oontain XO^ 
o. o.Xorine aioxxae/t arv puXp. .as .eat^ - 

.or an .our. ..ter t.e .Xeaohin,. t.e puXp .as 

^ *-T- Water was then added to 
15 .ith 2- or 3-£oXa a«=unt of «tar. Water. 

t.e PUXP so t..t the fixture .as »ae to .ave a puXp 
^noentration of XO .t* a„a to contain soaiu. h^-e 
eorresponain, to 1-3 .t, hasea on t.e .ei,.t of ^ PuXP^ 
^ „l«ure e^raotea at SO-C for an .our f o X^ea ^ 

.0 .es.in.thepuxp.it..at.r. "''^ '-^^''^ZT 
3.5. on t.e other .ana. puXp s.owing t.. Kappa 
„u^r of 3.5 .are ohtainea in a ^ si^Xer to 
comparative «a»pxe 1, using no enzy«e. 

water .es aaaea to t.e thus obtainea pulp ►^ving 
.5 the Kappa nu^ of 3.S so that the mixture .as^ae to 

s pulp oonoentration of 10 .t, ana to contain Kg 
Of chxorxne aioxiae/t ar, puXp. The Mxture .as heatea 
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«nd the pulp was then washed with 2- or 3- 
m'C for 3 hours and the puxy 

After drying, the Hunter brightness 
fold amount of water. After dry g, _ ^ 

. ^ AS the result, the Hunter brightness of 
was determined. As the Hunter 
treated pulp was 90.2%, whereas the Hunter 
the enzyme-trea-ceu ^ ^ oo «;» 

o* the enzyme-untreated pulp was 88.5%. 
5 brightness of the enzy» 



Exam ple 10 

xylanase 1 obtained in a manner similar to 
Hxample 1 was added to 500 g (50 gas dry pulp) Of 

V, icraf t pulp slurry having a pulp 
broadleaved unbleached kraf t puip 

. .I0wt% in an amount of 500 U/kg dry pulp 
10 concentration of 10 wt%, m 

1 „.«e activity. The pulp slurry was heated at 
as the xylanase activj.\.3r 

After filtering, the pulp was washed 
fiO'C for 3 hours. After li-i 

^ v«r- Thereafter water was 
with 2- to 3-fold amount of water. Therea 

1 n so that the mixture was made to have a 
added to the pulp so that , ^„ 

. ot 10 wt% and to contain 10.1 kg of 
15 pulp concentration of 10 wt« an 

The mixture was heated at 
chlorine dioxide/t dry pulp. The mix 

K The pulp was then washed with 2- or 

70 "C for an hour. Tne puxt. 

. ... water was then added to the pulp so 
fold amount of water. Water wa 

had a pulp concentration of 10 wt% and 
that the mixture had a puip 

^ . +.„ 1 •» wt% based on the 

- - — ..^.e. wa«.. 
60'C for an hour and the pulp wa 

H« of the pulp was 3.5. On the other hand. 
The kappa number of tne puj-f 

n.Kor of 3 5 was obtained in a 
pulp showing the kappa number of 3 . 5 

Similar to Comparative Example 1, using no enzyme. 
25 manner similar ^^^^^^^^ ^^^^ ^^^^^^ 

Water was added to x^ic 

V... of 3 5 so that the mixture was made to 
the kappa number of J.a 



PCT/JP94y01145 

WO 96/02632 

- 37 - 

^. „f 10 wt% and to contain 8.0 kg 

have a pulp concentration of 10 wt* a 

^^o/t drv pulp. The mixture was heated at 
of chlorine dioxide/t dry puxp. 

oo^ 1-he Dulp was then washed with 2- or 3- 
70-0 for 3 hours and the puj.p wo 

^ ^ a*ter drying, the Hunter brightness 
fold amount of water. After drying, 

. ^ the result, the Hunter brightness of 
5 was determined. As the resuxu, 

on 9* whereas the Hunter 
the enzyme-treated pulp was 90.2%, where 

«f enzvme-untreated pulp was 88.0%. 
brightness of the enzyme uii 

Example 11 

"xylanase 2 obtained in a manner similar to 

^A^A i-n "500 a (50 g as dry pulp) of 
10 Example 1 was added to 500 g i^u » 

..cdl^ve. unblcch^ Kraft pulp .lurxv having . pulp 

^„„.«on Of ao «». in an a^unt of 500 U/., ^ PUlP 

« «r.i-lvitv The pulp slurry was heated at 
as the xylanase activity. *" f 

filtering, the pulp was washed 
60 "C for 3 hours. After fiitenng, 

15 «„h 2- to 3-fo« amount of water. ««reafter water was 
aaoea to the pulp so that the »i^re wa. «aae to have a 
pulp concentration of 10 wt% an. to contain 11.3 Rg of 
cnlorine dioxi.e/t dry pulp. The .iKture was heated at 

. „ hour The pulp was then washed with 2- or 3- 

70 'C for an hotir. me f***^ 

,0 fold a^t Of water. Water was then added to tne pulp so 
.nat the fixture had a pulp concentration of 10 «t% and 
sodiu. h^OKide corresponding to 1.3 -t% hased on the 
^ig.t Of dry pulp was added. The »i«ure was extracted at 

the Dulp was then washed with water. 
60 "C for an hour and the puxp wa» 

pulp Showing the .cappa nu^r of 3.5 was obtained in a 
manner similar to Comparative E»»ple 1. using no enzy^- 
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water was a.ae. to t.e thus o.taine. puXp having 

V. nf 3 5 so that the mixture was made to 
the kappa number of 3.5 so t 

ontration of 10 wt% and to contain 12.0 Kg 

fold amount of wawi 

, «e flQ a% whereas the Hunter 

*-^aartiA DUlP was 8y.O«, Wiici« 

the enzyme-treatea puxi^ 

..ig«„ess of the en.y--un create. puXp was B9 .0%. 

10 iMusttlal Appllc'Wlity ,^„„„e 
according to the present invention, there are 
p^viaea ^ylanase i ana xyianase 2 which are novel 

Is as veil as the process for proauci^ the enxv^s- 
:rri....asesa«e«ectivel.e.lo.a.or^hio..ss 

e a to enhance the brightness of pulp, to 
IS treatments, e.g-r 

™ to decrease the amount of a chemical 

improve the quality, to aec 

„^ in the pulp bleaching stages and to 
bleaching agent m the pu p 

.^ease the .reeness c. pulp. The pres«.t invention also 
..oviaes the ^ethoa .or such pulp treats- - 
,0 PUIP treatments accorain, to the present invention, large 
Jtities o. the lignin can he re^ovea ^ the en^^t^ 

leat^t in a relative, short perioa oi 
in the enhancea hrightness o. pulp. the i»provea ^ali^- 
.he aecreasea a^unt of a chemical hleachin, agent, etc. 
The novel .ylanases oi the present invention are 
efficiently utilized to prepare xylose or xylo- 

Lgosaochariaes wiael, usea as sweeteners, ^isturizers. 



PCT/1P5M/01145 

WO 9^2632 

- 39 - 

..eas. etc. in the too. mduet^. ccs«etic industry end 
eeed inaustry. According to the present invention, there 
^ also provided the method of preparing :cylose or xylo- 
oligos.cch«ides. The present invention elso provides the 
S hecteria heiongin, to the g«.us Baci^ ^ ^^"^ 
these novel xylanases. 
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CLAIMS 

^-Ko following physicocheroical 
xylanase 1 having the following p ^ 

properties. , „ a xvlan polysaccharide to 

(1) acts on xylan or a xyiai y 

,,aroly.e the p-1.4-.ylo=idlc linkages in 
„olecule to yield «lcse and xylo^iose in . 

large quantity but t= yield only in a s-all 
quantity a xylo-oligosaccharide having a 
polymerisation degree of at least that of 

xylotriose; 

C2, is active in the .K range of higher than 4.0 and 
lower than 10.0 and has the opti.» pH of ahout 



6.0; 

(3) 



(5) 

2. 



IS active in the temperature range up to 90-C 
^ nas the optimum temperature of ahout 75-C, 
„ C4, has a molecular weight Of ahout 34.000 When 

determined by SDS polyacrylamide gel 
electrophoresis! and, 
has an isoelectric point of about 9.4. 
xylanase 2 having the following physicochemical 

" ^"T--n.lanora.lan.lysaccharideto 

Kydrolyre the p-l, 4-xylosidic linKages in the 
^lecule to yield xylose and to yield a xylo- 
oligosaccharide in a large guantity; 
,a. is active the p» range of higher than 2.6 and 
lower than 9.6 and has the optimum PH of ahout 

6.0; 
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(3) is active in the temperature range up to 90-C 
and has the optimum temperature of about 65 to 
about 70 'C; 

(4) has a molecular weight of about 21,000 when 
5 determined by SDS polyacrylamide gel 

electrophoresis; and, 

( 5 ) has an isoelectric point of about 9.8. 

3 A process for producing a xylanase 1 or 2 which 
comprises culturing a microorganism belonging to the genus 

.0 Bacillus and recovering the xylanase of any one of claims 
1 and 2 from the culture medium. 

4 A process for producing a xylanase according to 
Claim 3, wherein said microorganism belonging to the genus 
Bacillus is bacteria selected from Bacillus sp. SD902 

15 ;;^-4508), mutants thereof and variants thereof by 
genetic engineering. 

5 Bacillus sp. SD902 (FERM BP-4508 ) , mutants 

thereof, or variants thereof obtained by genetic 
engineering . 

^0 6 A ..thoa for treating pulp which comprises 

altin, a xyl».ase accoraina to «.y one of clai^ 1 an* 2 on 

pulp- 

7 » method for producing wlose or a xylo- 

oilgoseccharlde which comprises acting a «-lana.e 
.5 according to any one of claims 1 end 2 on xylan or a xylan 

polysaccharide . 
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FIG. I 
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